exchanges of heat among urban surfaces [3, 4] , urban trees contribute to improving environmental quality, quality of life, and sustainable urban development [5, 6] .
However, there are a number of biotic and abiotic stressors that urban trees have to cope with, such as: heat island effect, limited soil moisture, the presence of detrimental contaminants in the soil (e.g. salt, oils, heavy metals and organic pollutants), air pollution, tree pests and diseases, constructions, mechanical damages to root, trunk and branches, etc [7] . Lack of moisture in the soil is one of the most common problems that affect trees in urban environments [8] . Water stress affects a wide range of plant responses, from changes at the cellular level to the reduction in growth rates [9] . For example, Popović et al. [10] found that photosynthetic efficiency of pedunculate oak seedlings was significantly affected by short-term water stress. Bréda et al. [11] reported that sap flux densities and stomatal conductance were reduced by almost 70% at maximal drought intensity in adult Quercus robur and Quercus petraea trees. Ježík et al. [12] found that reduced water availability caused much lower tree water status and stem circumference increase in non-irrigated Norway spruce trees. Similarly, a study by Pšidová et al. [13] showed significant reduction of net photosynthesis and stomatal conductance in beech seedlings subjected to water deficit.
In urban conditions soil moisture is often limited due to soil compaction and reduced soil volume [14] . In such circumstances, water supply decreases in the root system because compacted soils, together with street structures, prevent infiltration of water into the root zone. At the same time, access to the ground water and subsurface drainage is often eliminated due to restricted rooting volume [15] . As a consequence of aforementioned disturbances, the life-span of trees growing in urban environments can be significantly shortened in comparison with trees growing in natural habitats [16] .
In the present study we examined drought effects on physiological and biochemical performances of Pedunculate oak (Quercus robur L.) and Hornbeam (Carpinus betulus L.) saplings grown under two watering regimes -irrigated and non-irrigated. The objective of the study was to examine to which extent, for period of one month, the soil water deficit at the site without irrigation system will affect different physiological and biochemical proceses in trees and to indentify those traits that react most sensitively, and thus might be used as early signs of water stress. Since the mortality rate of saplings is the highest in the first year after planting, the present study was conducted at newly established boulevard and involved recently planted saplings of the same age.
mAtEriALS AND mEtHODS

Experimental Location and Plant material
The study was conducted during August 2012, at the Boulevard of Europe (Novi Sad, Republic of Serbia). The Boulevard of Europe was built in 2010. After finishing the constructions of the road, the bicycle path and the footpath, green area was established along the entire boulevard. For that purpose, six-year-old saplings of Pedunculate oak (Quercus robur L.) and Hornbeam (Carpinus betulus L.) were planted. The space between the saplings was 10 × 10 m. In order to prevent the negative effects of drought stress on the saplings, drip irrigation system was installed in one part of the boulevard. In order to examine how irrigation affects plants' physiological performances, the measurements were carried out on saplings grown in the part of the boulevard with irrigation system installed (between Futoška Ulica and Bulevar Vojvode Stepe) (Site 1) and on the saplings cultivated in the part without any irrigation system installed (between Bulevar Vojvode Stepe and Rumenačka Ulica) (Site 2).
The climate of Novi Sad is temperate continental with a mean annual temperature of 11.4°C and annual precipitation sum of 647 mm. Mean air temperature during the vegetation period (April-September) is 18.3°C, while the sum of precipitations for the same period amounts to 379 mm. The climate records were acquired from the weather station Rimski Sancevi (N 45°20', E 19°51'; 84 m a.s.l.), at 10 km distance from the city (http://www.hidmet.gov.rs). Temperature and precipitation have been averaged for the time period between 1981 and 2010.
Soil Analysis
Soil samples were taken from irrigated and non irrigated sites (two samples per each site). The physical characteristics of soil were determined according standard laboratory analyses. Particle size distribution (%) was determined by the international B-pipette method with preparation in sodium pyrophosphate [17] , while the determination of soil textural classes was carried out based on particle size distribution using Atteberg classification [18] and pH in H 2 O electrometric method with combined electrodes on pH meter. Soil moisture content was determined according to Bošnjak et al. [17] , whereas humus percentage (%) in soil was determined by Tjurin method in Simakov's modification [19] . The Kjeldahl method was applied for the determination of nitrogen percentage (%) in soil [20] .
Gas Exchange measurements
Net photosynthesis (A) and stomatal conductance (gs) were measured using the ADC BioScientific Ltd. LCpro+ Portable Photosynthesis System. Leaves were enclosed in the broad leaf chamber until the values of A and gs had stabilized (usually about 60 seconds) [21] . . Temperature and humidity inside of chamber were at the ambient level [22] .
Determination of Photosynthetic Pigment concentration
The contents of chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoids (Car) were determined according to Wettstein method [23] in acetone solution. Absorbances at wavelengths 662 nm (chlorophyll a), 644 (chlorophyll b) and 440 nm (carotenoids) were measured by spectrophotometer and expressed in mg•g -1 of dry weight (DW).
Determination of Oxidative Stress
Extracts were homogenized and macerated with 10 ml 0.1M K 2 HPO 4 at pH 7.0 on cold porcelain mortar [24] . Homogenate was centrifuged for 10 minutes at 4000 g. Finally, the resulting supernatant was mixed with glycerol in 1:1 ratio and the mixture was used for the determination of: (a) free proline (FP) accumulation, (b) total antioxidant activity and (c) lipid peroxidation intensity. Proline accumulation was determined by the method described by Bates et al. [25] . Proline was determined after the extraction with 5-sulphosalicyclic acid and the reaction with ninhydrin. A standard curve of proline was used for calibration. Total antioxidant capacity was estimated according to the FRAP (Ferric Reducing Antioxidant Power) assay [26] 
Statistical Analysis
The data were analysed with statistical software package Statistica 10 [28] . Differences between two treatments were analyzed using One-way ANOVA procedure. Significance was determined at p<0.05 throughout the entire analysis.
rESULtS
Site 1 was characterized by textural class of sandy loam, contrary to Site 2 where predominant texture classes were loam (Site 2, S3) and sandy-loam (Site 2, S4). In irrigated area (Site 1), instantaneous soil moisture content ranged from 38.1% to 61.0% in the surface layers (0-10 cm), while in the deeper layers (10-40 cm) soil moisture content increased due to the reduced evaporation, and ranged from 36.0% to 93.8%. In contrast, lower soil moisture content was observed in non-irrigated area (Site 2). Soil mosture content varied between 12.9% to 13.8% in the surface layers, and between 21.6% and 26.4% in the lower layers ( Table 1) .
The results of irrigation effects on physiological performances of pedunculate oak and hornbeam saplings are shown in Figure 1 . On the non-irrigated site both species had significantly decreased gs (p Q.robur <0.003; p C.betulus <0.002), whereas differences in net photosynthesis were not statistically significant, even though A decreased in non-irrigated saplings of both species. Notable differences between treatments were also observed for free proline content (p Q.robur <0.003; p C.betulus <0.001), FRAP (p Q.robur <0.001; p C.betulus <0.001) and lipid peroxidation (p Q.robur <0.005; p C.betulu <0.022) (Figure 1) .
The chlorophyll and carotenoid content was not significantly different between saplings grown under two watering regimes. In oak saplings, Chl a, Chl a+b and Car were higher in the leaves of irrigated plants, while Chl b content was higher in plants subjected to water deficit. On the contrary, higher content of Chl a, Chl b, Chl a+b and Car occurred in stressed hornbeam plants.
DiScUSSiON AND cONcLUSiONS
The results of our study showed that A and gs were reduced in non-irrigated saplings of both tree species. It corresponds to the results of Gallé and Feller [29] who reported that A and gs in beech seedlings decreased in parallel with increased water deficit. Similar findings were reported by Krstić et al. [21] for Acer pseudoplatanus and Platanus acerifolia saplings cultivated on undeveloped alluvial soil. However, even though net photosynthesis declined at Site 2, the analysis of variance did not reveal statistically significant differences between saplings grown at Site 1 and Site 2. In contrast, stomatal conductance was more sensitive to soil water deficit, displaying a proportionally greater reduction under stress compared to the rate of photosynthesis, as it was already detected by Valadares et al. [30] for eucalyptus hybrids. Although a number of studies demonstrated synchronized decline of stomatal conductance and net photosynthesis [13, 29, 31, 32] , recent studies showed that net photosynthesis may not be necessarily affected by the reduction of stomatal conductance. Indeed, Hasanuzzaman et al. [33] an earlier decline under mild to moderate stress than net photosynthesis, which abruptly dropped only at severe stress. Likewise, study on drought stress response in Jatropha curcas showed that despite the tight stomatal regulation under mild and moderate water stress, stomatal limitations to photosynthesis only occurred under severe stress [34] .
Since the photosynthesis was not affected in Q. robur and C. betulus saplings even under sustained reductions of stomatal conductance, we might assume that the photosynthetic apparatus of both species is likely to be resistant to mild to moderate water stress. It corresponds to the findings of Michelozzi et al. [35] for Aleppo pine provenances.
Several studies demonstrated that under drought stress leaf chlorophyll contents often decline as a consequence of chlorophyll degradation [36, 37] . In this study we found no reduction in photosynthetic pigment contents. In fact, some increase was observed in hornbeam saplings, but it was not significant. This has also been reported for J. curcas [34] and F. sylvatica [38] .
Significant increase of total antioxidant activity estimated by FRAP test was recorded under drought treatment in both species inspected. These results indicate that drought induces biosynthesis of chemical compounds with high antioxidant properties in order to cope with oxidative stress which is a direct consequence of drought due to fact that reactive oxygen species (ROS) are generated abundantly under drought conditions. Within these groups of metabolites the most dominant are the products of secondary metabolism; in first line the phenolic compounds, both glicosides and aglicons, tannins, polyamines and conjugated polyamines all with a high capacity to scavenge reactive oxygen species. Štajner et al. [39] presented similar results where they tracked radical scavenger capacities as well as ferric reducing ability of extracts under different stress conditions in six melliferous woody plant species where they stated similar results of significantly increased FRAP value under the drought stress dominantly observed in Fraxinus and Tillia species.
Another plant mechanism to suppress consequences of drought conditions is by accumulation of osmoprotective compounds which have an important role in osmoregulation and in the maintenance of the water regime. Proline, like immino acid, due to its polarity is very often referred to as one of the main osmoprotectants. In this study, the concentration of free proline was significantly increased under the non-irrigated conditions both in oaks (increase of 28%) as well as in hornbeams (increase of 30.7%) compared to watered controls. Our findings are consistent with the results reported by Hu et al. [40] who evidenced that foliar proline levels were enhanced in the drought plus air warming treatment across three oak species (Quercus robur, Quercus petraea and Quercus pubescens). Similarly, the simultaneous measurement of proline and related compounds on the leaves of drought stressed Quercus robur plants showed that fifty-six days of water deficit exposure resulted in increased foliar free proline levels of drought stressed oak compared to well-watered control [41] . Finally, Topić [42] found that free proline content in the leaves Quercus robur seedlings subjected to drought stress was almost twice higher in comparison to control treatment. Our findings are in accordance with the results that were gained from other tree species as well. For example, studying the influence of three different water regimes (100, 50, and 25% of the field capacity) on two contrasting populations of Populus przewalskii, Lei at al. [43] found that drought not only significantly affected decreased chlorophyll pigment contents but also caused accumulation of the free proline and total amino acids as well as abscisic acid and hydrogen peroxide. In their research, Szabados and Savoure [44] highlighted the important role of proline as an antioxidant that is acting as a single oxygen quencher and a H 2 O 2 scavenger, but that it can also reduce lipid peroxidation intensity.
Furthermore, the intensity of lipid peroxidation process measured by the quantification of its end-product malonyldialdehyde was also found markedly elevated under drought stress, which implies that drought stress caused by a lack of irrigation stimulates a very detrimental process of peroxidation of membranes' lipids. Schwanz and Polle [45] in their comparative study also found a significantly elevated intensity of lipid peroxidation under the drought stress in Q. robur which they characterized as a more drought tolerant species compared to Pinus pinaster. This is due to the features of Q. robur such as higher activities of superoxide dismutase, ascorbate peroxidase, catalase, dehydroascorbate reductase and glutathione reductase. Also, same authors referred to the significant loss of chlorophylls and carotenoids as well as soluble proteins under the drought stress.
All the gained results confirmed that both oaks and hornbeam species share same physiological and biochemical mechanism to cope with water limitation, which is reflected in the decline of stomatal conductance, the increase of total antioxidant activity through the induction of biosynthesis of compounds with high antioxidant properties as well as the elevated accumulation of proline as an osmoregulatory amino acid. This all as a consequence leads to mitigation of lipid peroxidation and general oxidative stress which were induced significantly under the inspected drought stress. Considering all the facts, our main conclusion is that irrigation in urban areas could drastically improve the general fitness of the plants since in this study it was confirmed that irrigation beneficially affects plants on physiological and biochemical level, which enables them more feasible growth and development, which contributes to healthier environment, affects the microclimate, provides more shade and filters the air.
